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Abstract 
Rubber glove product Thailand shows the trend of higher growth. Currently, the average export 
value of rubber glove product is 826.72 US$/year. Thus, the development guideline of this product for 
Thailand should be concerned. However, rubber glove process caused the environmental and human 
impacts. Hence, the eco-efficiency concept of rubber glove product was interested. Initial important 
step of eco-efficiency concept was indicator development. Therefore, this research developed the eco-
efficiency indicators including economic and environmental indicators of rubber glove product based 
on the eco-efficiency theory and material flow analysis. The result showed that economic indicators 
consisted of quantity product and net sale and environmental indicators consisted of material 
consumption, energy consumption, water consumption, wastewater production, solid waste production, 
greenhouse gas emission, were selected to eco-efficiency indicators based on eco-efficiency theory and 
material flow analysis. These eco-efficiency indicators would help to discover more economic and 
effective ways to improve productivity process and to enhance recyclability or reducing energy and 
material intensity.  
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1. Introduction  
Natural rubber latex is used in a wide variety of medical devices such as catheters, bandages, or 
surgical and examination gloves [1]. Rubber glove product is an important industry of Thailand in 
terms of both employment and exports [2]. Currently, the average export value for rubber glove 
product of Thailand is 826.72 US$/year [3]. Due to markedly increased efforts to prevent the 
transmission of many infectious diseases to healthcare workers, the demand and usage of gloves is 
increasing dramatically [2]. However, rubber glove process caused the environmental and human 
impacts. Sullivan et al. [4] found that the accelerators such as sulfur compound used in the 
vulcanization process are the mutagen. Traditionally, environmental management for rubber industry of 
Thailand focused on pollution reduction, especially through wastewater treatment and air pollution 
control. Then, it has been challenging for Thai rubber entrepreneurs to seek for appropriate 
environmental measures to produce environmentally friendly rubber products [5].  
Eco-efficiency concept has emerged as a valuable tool toward the target of sustainable 
development [6, 30]. The World Business Council for Sustainable Development (WBCSD) defined 
eco-efficiency as ‘‘competitively priced goods and services that satisfy human needs and bring quality 
of life while progressively reducing environmental impacts of goods and resource intensity throughout 
the entire life-cycle to a level at least in line with the Earth’s estimated carrying capacity” [7]. Eco-
efficiency can be quantified through indicators based on the ratio of economy and environment [8]. The 
current development of eco-efficiency indicators focuses on enterprise, sectoral, or national levels of 
the user needs, which greatly vary from each other [9,10]. The lack of a set of performance indicators, 
which would allow professionals and organizations to easily estimate the efficiency, inhibits the 
adoption of such strategies [11]. The standardization of definitions and decision rules for calculating 
and reporting eco-efficiency indicators could help companies to set measurable eco-efficiency targets 
and facilitate comparisons between companies and business sectors essentially, it would result in 
widely accepted, quantifiable, verifiable and transparent indicators that could be widely used [12]. 
Therefore, such a set of specific indicators for each organization is also needed to determine eco-
efficiency performance.  
As one of the core control means of circular economy, material flow analysis accounts and 
analyses the various material flow between economic system and natural environment [31]. The 
method of material flow analysis can be applied to different levels, such as national, regional, and 
industry level [13]. According to the previous study of developing eco-efficiency indicators [14, 15, 
16] found that material flow analysis is regarded as one of the effective tools and methods in eco-
efficiency evaluation. Nevertheless, material flow analysis indicator takes great advantages of strong 
feasibility and high accuracy in industry metabolism researches.  
Hence, this research developed the eco-efficiency indicators including economic and 
environmental indicators of rubber glove product based on the eco-efficiency theory and material flow 
analysis. These eco-efficiency indicators should be proposed the rubber glove industries in improving 
process by reducing the environmental impact added while increasing the value produced.   
 
2. Principle of material flow analysis  
      Material flow analysis means assessment of the material flows entering and leaving the system.  A 
common feature is the focus on material flows, especially on the input side. Material flow analysis is a 
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widespread and standardized methodology for accounting the input and output material flows of a 
system [17], which is very convenient in considering comprehensively environmental and economic 
impacts [18] and estimating their derived indicators. All flows and indicators are measured in mass 
units, giving a physical quantification of the system’s material requirements. This methodology has 
been mostly applied to many products [19, 20], but not to rubber glove product.  However, the added 
value in applying material flow analysis at this product is quantifying all material flows and finding 
meaningful and simple indicators that will be able to detect critical points and reflect the state and 
evolution of the system’s metabolism [21]. 
 
3. Material flow analysis of rubber glove product  
       The concentrated latex is the raw material to produce the rubber glove product. From the 
preliminary survey found that the dipping process is the favourite process of the rubber glove product 
in Thailand. Then, this product process required the two main processes including the concentrated 
latex and the rubber glove productions. The material flow analysis of rubber glove product is showed in 
Figure 1. Firstly, the field latex is passed through into a receiving tank. Afterward, a sample of field 
latex is taken to determine the dry rubber content (DRC) and ammonia content. Then, ammonia is 
added in the receiving tank to obtain ammonia content of over 0.4% by weight, which is suitable 
condition for latex centrifugation. Moreover, some chemicals are added and settled overnight to reduce 
magnesium content in field latex, which affect the mechanical stability time (MST), and settled. Field 
latex should contain magnesium content of less than 50 ppm on total solid before centrifugation, and 
not more than 20 ppm on total solid after centrifugation. In additional, the sample of field latex is tested 
for volatile fatty acid (VFA). If it is less than 0.05, it can be centrifuged. After the centrifuge process, 
this latex is the concentrated latex. Secondly, processing and attributes of device depend on the 
additional of many chemicals to concentrated latex (compounding). Formers dip into compound latex 
and a uniform film is deposited. The compound latex is converted from liquid to solid by heat oven. 
Rotating brushes contact the rotating mold and a cuff is rolled onto rubber glove. Molds pass through 
cooling, chlorine, and alkaline baths, respectively to remove water-soluble and excess additives. 
Crosslink of the polymers is catalyzed by heat and requires an accelerator. Cornstarch is applied to 
outer surface of the rubber glove as a detacking agent. The gloves are stripped from the molds. Then, 
the rubber glove product is packed by packaging before distribution. Moreover, the molds attached to a 
continuous chain are cleaned to remove debris from the previous cycle. Molds are dipped in an 
emulsion to apply cornstarch powder as a releasing agent and a compound that coagulates liquid 
concentrated latex on contact. Finally, releasing agent and coagulant is oven dried.   
 
4. Eco-efficiency indicators of rubber glove product 
Eco-efficiency indicators of rubber glove product were developed and verified by material flow 
analysis and generally applicable indicators for eco-efficiency from WBCSD [7]. Then, eco-efficiency 
indicators of rubber glove product can be divided into two dimensions of economic and environmental 
performances (Shown in Table 1). The economic performance is used to assess the economic input and 
benefits [15]. The economic indicators of rubber glove product are quantity of product and net sale. 
The environmental performance is used to assess influence of the system to surroundings and the 
material consumption [15]. The environmental indicators of rubber glove product are material 
consumption, energy consumption, water consumption, wastewater production, solid waste production, 
greenhouse gas emission.  
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Fig 1. Material flow analysis of rubber glove product (Adapted from Curtis human [22]) 

5. Benefit of the applying eco-efficiency indicator  
A variety of benefits of eco-efficiency application, including economic, environmental and social 
dimensions, can be gained through the implementation of such indicators [23]. Eco-efficiency 
indicators have been proven powerful tools in environmental reporting because they link information 
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on environmental impact to economical information in a comprehensive, systematic and consistent 
manner over periods of time [24]. The term eco-efficiency indicators refers to factors that directly or 
indirectly measure the degree to which each of the dimensions of eco-efficiency is met. Indicators can 
be aggregated or no aggregated variables within the economic and environmental themes [25]. Then, 
eco-efficiency assessment would help to discover more economic and effective ways to improve 
productivity process [15], and to enhance recyclability or reducing energy and material intensity [26]. 
Besides, ecological level of the industry and waste resource reduction can be improved by the strategy 
of eco-efficiency [27].  In additional, policy makers should agree on the subjective value choices made 
while weighting different impact or impact categories according to eco-efficiency concept [28]. 
Moreover, eco-efficiency application can serve as a basis for economically and environmentally sound 
decisions and for the evaluation of the impact of decisions [28]. In order to maintain a high level of 
performance, eco-efficiency must be encouraged to be properly used as a tool in corporate evaluation 
and reporting [29]. Finally, the application of eco-efficiency method to processes and companies is 
considered as future research. 
 
Table 1 Eco-efficiency indicator of rubber glove product 
Indicator Unit Measuring method 
Quantity of product kg Quantity of product produced 
Net sales Bath General accepted accounting principles 
Material consumption 
Total of all material weights including 
- Field latex 
- Chemicals 
- Concentrated latex 
kg Quantity use for conversion  
 
 
 
 
Energy consumption
- Electricity 
- LPG 
MJ Quantity use for conversion 
 
Water consumption
Total of all types volume of water use obtained 
from tap water, surface and ground water  
m
3 Quantity use 
Wastewater production 
Total of volume of wastewater production 
m
3
 Quantity production 
Solid waste production 
Total of all types of solid waste output 
including 
- Sludge 
- Packing waste 
kg Quantity production
Greenhouse gas emission 
Total of all process of green house gas emission
kg IPCC emission method 
 
6. Conclusion 
Rubber glove product is the important entrepreneurs of Thailand. However, rubber glove process 
caused the environmental and human impacts. Then, environmentally friendly rubber products have 
been challenging for Thai rubber entrepreneurs to seek for appropriate environmental measures. Eco-
efficiency concept has emerged as a valuable tool toward the target of sustainable development. 
Beside, eco-efficiency can be quantified through indicators based on the ratio of economy and 
environment. Material flow analysis is regarded as one of the effective tools and methods in eco-
efficiency evaluation. Therefore, eco-efficiency indicators were developed by material flow analysis 
for the rubber glove product in this study. The results showed that eco-efficiency indicators of rubber 
glove product can be divided into two dimensions of economic and environmental performance. The 
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economic indicators of rubber glove product are quantity of product and net sale. The environmental 
indicators of rubber glove product are material consumption, energy consumption, water consumption, 
wastewater production, solid waste production, greenhouse gas emission. Then, the application of eco-
efficiency assessment would help to discover more economic and effective ways to improve 
productivity process and to enhance recyclability or reducing energy and material intensity. Moreover, 
these eco-efficiency indicators in this paper will be used to assess the eco-efficiency performance of 
rubber glove product of Thailand in the next step of our project.    
 
Acknowledgements 
       This research was supported by Small Project on Rubber, The Thailand Research Fund.   
 
References 
[1]  Schlögl S, Nicolai A, Raimund S, Holzne A, Kern W, Survey of chemical residues and  
biological evaluation of photochemically pre-vulcanized surgical gloves. Monatsh Chem, 2010; 
141:1365–1372. 
[2]  Sein MM, Howteerkul N, Suwannapong N, Jirachewee J, Job strain among rubber-glove-factory  
       workers in Central Thailand. Ind Health, 2010; 48: 503-510.  
[3]  Rubber Research Institute of Thailand, Thai Rubber statistic.       
       http://www.rubberthai.com/rubberthai. Accessed October 15, 2010. 
[4]  Sullivan JR, Van JB, Etr MD, Lewis R, Tire and rubber manufacturing industry.  In: Sullivan, Jr.,   
       J.B. and Krieger, G.R. (eds). Clinical Environmental Health and Toxic Exposures. 2nd ed.  
       Lippincott  Williams & Wilkins, Philadelphia, 2001. 
[5]  Jawjit W, Kroeze C, Rattanapan S, Greenhouse gas emissions from rubber industry in Thailand.  
       J Clean Prod, 2010; 18, 403-411. 
[6]  Charmondusit K, Keartpakpraek K. Eco-efficiency evaluation of the petroleum and  
       petrochemical group in the map Ta Phut Industrial Estate, Thailand, J Clean Prod,  
       2011; 19, 241–252.  
[7]  World Business Council for Sustainable Development, WBCSD, Eco-efficiency: 
       creating more value with less impact, Geneva, 2000. 
[8]  National Round Table on the Environment and the Economy, NRTEE, Calculating 
       eco-efficiency indicators: a workbook for industry, Ottawa, Ontario, Canada, 2001.  
[9]  Anite Systems, A first set of eco-efficiency indicators for industry: pilot study. 
       Luxembourg, 1999.   
[10]  Verfaillie HA, Bidwell R, Measuring eco-efficiency: a guide to reporting 
         company performance. World Business Council for Sustainable Development, 2000. 
[11]   Damineli BL, Kemeid FM, Aguiar PS, John VM, Measuring the eco-efficiency of  
          cement use. Cement Concrete Comp. 2010; 32, 555–562. 
[12]  Thant MM, Charmondusit K. Eco-efficiency assessment of pulp and paper industry  
         in Myanmar. Clean Techn Environ Policy, 2010; 12, 427–439. 
[13]  Tang Y, Li J, Material flow analysis on Venous industrial park-taking Tianjin Ziya  
         circular economy park for example. Proceedings - 2010 IEEE 17th International Conference on  
         Industrial Engineering and Engineering Management, IE and EM2010, art. no. 5645913, pp.  
         1828-1831, 2010.  
[14]  Zhao C, Wang DM, Zhang ZX, Analysis of material flow and energy flow in forest  
105 Cheerawit Rattanapan et al. /  Procedia - Social and Behavioral Sciences  40 ( 2012 )  99 – 106 
         logging system. Journal of Nanjing Forestry University (Natural Sciences Edition), 
         2008; 32: 37-40. 
[15]  Zhao Y, Zhao C, Eco-efficiency evaluation indicator of plantation harvesting system  
        and its improvement based on material flow analysis. 2011 Asia-Pacific Power and Energy  
        Engineering Conference, APPEEC 2011 - Proceedings , art. no. 5748784, 2011.  
16]  Lauwers L, Justifying the incorporation of the materials balance principle into frontier- 
        based eco-efficiency models. Ecol Econ, 2009; 68, 1605-1614. 
[17]  Bringezu S, Schütz H, Steger S, Baudisch J, International comparison of resource use  
        and its relation to economic growth. The development of total material requirement,  
        direct materials inputs and hidden flows and the structure of TMR.  
        Ecol Econ, 2004; 51(1/2), 97–124. 
[18]  Risku-Norja H, Mäenpää I, MFA model to assess economic and environmental consequences of  
        food production and consumption. Ecol Econ, 2007; 60, 700–711. 
[19] Maxime D, Marcotte M, Archand Y, Development of eco-efficiency indicators for the Canadian  
        food and beverage industry.  J Clean Prod, 2006; 14, 636–648. 
[20] Brinkmann T, Rubbeling H, Frholich P, Katzberg M, Bertau M, Application of material  
       and energy flow analysis in the early stages of biotechnical process development – a case  
       study. Chem Eng Technol, 2010; 33(4), 618–628 
[21] Sendra C, Gabarrell X, Vicent T, Material flow analysis adapted to an industrial area. 
        J Clean Prod, 2007; 15, 1706–1715.  
[22] Curtis HP, Review of natural rubber latex protein allergy in latex protein and glove  
        industry. Rubber Research Institute of Malaysia.   
[23]  Geng Y, Fu J, Sarkis J, Xue B, Towards a national circular economy indicator system in  
         China: an evaluation and critical analysis. J Clean Prod, 2011;   
         doi:10.1016/j.jclepro.2011.07.005. 
[24]  Van Caneghem J, Block C, Van Hooste H, Vandecasteele  C, Eco-efficiency trends of  
         the Flemish industry: decoupling of environmental impact from economic growth. 
        J Clean Prod, 2010; 18, 1349–1357.    
[25]  Seppälä J, Melanen M, Mäenpää L, Koskela S, Tenhunen J, Hiltunen M-R, How can the  
         eco-efficiency of a region be measured and monitored?. J Ind Ecol. 2005; 9(4), 117-130.  
[26]  Schaffel SB, Rovere ELL, The quest for eco-social efficiency in biofuels production in Brazil. 
         J Clean Prod, 2010; 18, 1663–1670. 
[27]  Yi P, The game analysis of eco-efficiency driven restructuring of China's coal industry.  
         In 2010 International conference on E-Business and E-Governance, 2010.  
[28]  Vercalsteren A, Spirinckx C, Geerken T, Life cycle assessment and eco-efficiency  
         analysis of drinking cups used at public events. Int J Life Cycle Assess, 2010; 15,  
        221–230. 
[29] Charmondusit K, Keartpakpraek K, Eco-efficiency evaluation of the petroleum and  
        petrochemical group in the map Ta Phut Industrial Estate, Thailand. J Clean Prod, 2011;  
       19, 241–252. 
106   Cheerawit Rattanapan et al. /  Procedia - Social and Behavioral Sciences  40 ( 2012 )  99 – 106 
[30] Tseng M.L.; Lan, L.W. ; Wang, R.; Chiu, A.S.F.; Cheng, H.P. (2011). Using hybrid model to  
       evaluate the green performance in uncertainty. Environmental Monitoring and Assessment 175(1),      
       367-385 
[31] Ethugala CV. (2011). Expectations of the Private and Civil Stakeholders Responsiveness of the   
       State Sector: Tea Industry of Sri Lanka. J Asia Pacific Business Innovation & Technology 
Management, 2011; 1, 13-19 
